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(54) Shift control system for belt-type continuously variable transmission 



(57) A shift control system comprises belt-speed 
calculation means, contact-circle enlarging pulley deter- 
mination means, diameter-change calculation means, 
slip prevention thrust calculation means, speed ratio 
maintaining thrust calculation means and additional 
thrust calculation means. The diameter-change calcu- 
lation means calculates the difference between the di- 
ameters of the contact circles at present and after a shift 
to a target speed change ratio, and the slip prevention 
thrust calculation means calculates a slip prevention 
thrust necessary for transmitting the power through a V 
belt without slip between the V belt and the drive and 
driven pulleys. The speed ratio maintaining thrust cal- 
culation means calculates a speed ratio maintaining 
thrust that is an addition to the slip prevention thrust for 
maintaining the current speed change ratio in constant 
condition and for transmitting the power without any slip 
of the belt, and the additional thrust calculation means 
calculates a shifting additional thrust that is added for 
the contact-circle enlarging pulley to achieve a shift to 
the target speed change ratio. The shifting additional 
thrust is inversely proportional to the running speed of 
the V belt, which is determined by the belt-speed calcu- 
lation means, but is proportional to the difference be- 
tween the diameters of the contact circles. 
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Description 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to a s 
belt-type continuously variable transmission comprising 
a V belt wound around drive and driven pulleys whose 
widths are variable, and particularly to a shift control sys- 
tem which controls thrusts directed axially onto the drive 
and driven pulleys for the speed ratio change of the belt- 10 
type continuously variable transmission. 

BACKGROUND OF THE INVENTION 

[0002] Many types of such transmissions and shift is 
control systems have been proposed, and some are 
now in practical use. A typical belt-type continuously 
variable transmission comprises a drive-side actuator, 
which is used for adjusting the width of the drive pulley 
(in axial thrust control), and a driven-side actuator, which 20 
is used for adjusting the width of the driven pulley (in 
axial thrust control). In the speed ratio change of the 
transmission, these actuators are controlled to act on 
the respective pulleys axially with thrusts that are appro- 
priate for the drive and driven pulleys to achieve their 25 
proper pulley widths. 

[0003] For the purpose of achieving automatic speed 
ratio change, various belt-type automatic transmissions 
have been proposed with shift control systems that are 
designed to control the thrusts of such actuators in cor- 30 
respondence to the driving condition of the vehicle. For 
example, such a belt-type automatic transmission is dis- 
closed in Japanese Laid-Open Patent Publication No. 
H9(1997)-72397. In this transmission, for the speed ra- 
tio change, the axial thrust of one pulley is controlled to 35 
a target thrust value while the thrust of the other pulley 
is adjusted to a value that is a product of the target thrust 
value and a pulley thrust ratio or to a value that is the 
sum of a value which corresponds to the ratio and a val- 
ue which corresponds to the deviation of the rotational 40 
speed of the engine. 

[0004] Various apparatus or devices and methods 
have been also proposed to control the speed ratio 
change of respective belt-type continuously variable 
transmissions. However, these prior-art systems and 45 
methods have experienced problems of inferior respon- 
srvity and convergency because of constant gains seen 
in control feedbacks for both upshifts and downshifts or 
of inappropriate parameters set as feedback. 

50 

SUMMARY OF THE INVENTION 

[0005] It is an object of the present invention to pro- 
vide a shift control system which can control the axial 
thrusts of the pulleys to optimal values for the speed ra- 55 
tio change of a belt-type continuously variable transmis- 
sion. 

[0006] It is another object of the present invention to 
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provide a shift control system which can control the axial 
thrust of the pulleys to least values necessary for the 
speed ratio change of a belt-type continuously variable 
transmission. 

[0007] To achievethese objectives, the present inven- 
tion provides a shift control system which controls the 
axial thrusts generated by drive-side and driven-side ac- 
tuators (for example, the drive-side cylinder chamber 6 
and the driven-side cylinder chamber 9 described in the 
following preferred embodiment), respectively, to vary 
the widths of the drive and driven pulleys for achieving 
a shift to a target speed change ratio. The shift control 
system comprises contact-circle enlarging pulley deter- 
mination means (for example, refer to Step S51 de- 
scribed in the following embodiment) and additional 
thrust calculation means (for example, refer to Step S5 
described in the following embodiment). The contact- 
circle enlarging pulley determination means determines 
which pulley, i.e., the drive pulley or the driven pulley, is 
to be the contactKJircle enlarging pulley whose diameter 
of the belt -contact circle is enlarged during the shift, and 
the additional thrust calculation means calculates a 
shifting additional thrust which is added for the contact- 
circle enlarging pulley to shift the transmission to the tar- 
get speed change ratio. Preferably, the shifting addition- 
al thrust is set inversely proportional to the running 
speed of the V belt. 

[0008] While the speed of the V belt is high, if the pul- 
ley widths were varied quickly, then the resulting shift 
would be too rapid. However, if the speed of the shift is 
controlled in inverse proportion to the running speeds of 
the V belt, then a shift control appropriate for comforta- 
ble travelling is possible. Therefore, the shift control sys- 
tem according to the present invention sets the shifting 
additional thrust inversely proportional to the running 
speed of the V belt and realizes a good shift control. 
[0009] Furthermore, it is preferable that the shifting 
additional thrust be set proportional to the difference be- 
tween the diameter of the contact circle of the contact- 
circle enlarging pulley at present and the diameter of the 
contact circle of the contact-circle enlarging pulley after 
the shift to the target speed change ratio. The larger the 
diameter difference between the belt-contact circles of 
the contact-circle enlarging pulley before and after the 
shift, faster the speed of the shift being required. If the 
speed of the shift is controlled proportionally to the di- 
ameter difference between the belt-contact circles, then 
a shift control appropriate for comfortable travelling is 
possible. Therefore, the shift control system according 
to the present invention sets the shifting additional thrust 
proportional to the diameter difference between the belt- 
contact circles and realizes a better shift control. 
[0010] The shift control system can also comprise 
belt-speed calculation means, which calculates the run- 
ning speed of the V belt, and first gain coefficient calcu- 
lation means, which calculates a first gain coefficient in 
inverse proportion to the running speed of the V belt. In 
this case, the additional thrust calculation means uses 
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the first gain coefficient for calculating the shifting addi- 
tional thrust. 

[0011] Furthermore, the shift control system may 
comprise belt-speed calculation means, which calcu- 
lates the running speed of the V belt, and first gain co- 5 
efficient calculation means, which calculates a first gain 
coefficient in inverse proportion to the running speed of 
the V belt, from the rotational speed of the drive pulley 
and the current speed change ratio. Then, the additional 
thrust calculation means uses the first gain coefficient io 
for calculating the shifting additional thrust 
[001 2] According to the present invention, the shifting 
additional thrust, which is added for the contact-circle 
enlarging pulley to achieve a shift to a target speed 
change ratio, can be set proportional to the difference 15 
between the diameter of the contact circle of the contact- 
circle enlarging pulley at present and the diameter of the 
contact circle of the contact-circle enlarging pulley after 
the shift to the target speed change ratio. 
[0013] While the diameter difference between the 20 
belt-contact circles of the contact-circle enlarging pulley 
before and after a shift is relatively large, then the shift 
needs to be carried out comparatively fast. However, if 
the speed of the shift is controlled proportionally to the 
diameter difference, then the shift control can be exe- 25 
cuted smoothly. Therefore, the shift control system ac- 
cording to the present invention sets the shifting addi- 
tional thrust proportional to the diameter difference and 
realizes a good shift operation. 

[001 4] Also, the shift control system may comprise di- 30 
ameter-change calculation means, which calculates the 
difference between the diameters of the contact circles 
of the contact-circle enlarging pulley at present and after 
a shift, and second gain coefficient calculation means, 
which calculates a second gain coefficient in proportion 35 
to the difference between the diameters of the contact 
circles. In this case, the additional thrust calculation 
means uses the second gain coefficient for calculating 
the shifting additional thrust. 

[001 5] it is preferable that the difference between the *o 
diameters of the contact circles of the contact-circle en- 
larging pulley at present and after a shift to a target 
speed change ratio be calculated from the current speed 
change ratio and the difference between the rotational 
speeds of the drive pulley at the current speed change -*5 
ratio and at the target speed change ratio. 
[001 6] The above described f eatu res of the shift con- 
trol system are realized specifically in the following ar- 
rangement A shift control system according to the 
present invention controls the axial thrusts generated by so 
drive-side and driven-side actuators (for example, the 
drive-side and driven-side cylinder chambers 6 and 9 
described in the following embodiment), respectively, to 
vary the widths of the drive and driven pulleys for achiev- 
ing a shift to a target speed change ratio. The shift con- 55 
trol system comprises belt-speed calculation means (for 
example, refer to Step S62 described in the following 
embodiment), which calculates the running speed of the 



V belt; contact -circle enlarging pulley determination 
means (for example, refer to Step S51 described in the 
following embodiment), which determines whether the 
drive pulley orthe driven pulley is to be the contact-circle 
enlarging pulley; diameter-change calculation means 
(for example, refer to Step S54 described in the follow- 
ing embodiment), which calculates the difference be- 
tween the diameters of the contact circles of the contact- 
circle enlarging pulley at present and after the shift; slip 
prevention thrust calculation means (for example, refer 
to Step S1 described in the following embodiment), 
which calculates a slip prevention thrust necessary for 
transmitting the power through the V belt without slip be- 
tween the V belt and the drive and driven pulleys; speed 
ratio maintaining thrust calculation means (for example, 
refer to Step S2 described in the following embodiment), 
which calculates a speed ratio maintaining thrust that is 
added to the slip prevention thrust, for maintaining the 
current speed change ratio in constant condition and for 
transmitting the power without any slip of the belt; and 
additional thrust calculation means (for example, refer 
to Step S5 described in the following embodiment), 
which calculates a shifting additional thrust that is added 
for the contact-circle enlarging pulley to shift the trans- 
mission to the target speed change ratio, the shifting ad- 
ditional thrust being set inversely proportional to the run- 
ning speed of the V belt, which is determined by the belt- 
speed calculation means, and set proportional to the dif- 
ference between the diameters of the contact circles of 
the contact-circle enlarging pulley. 
[0017] While the speed of the V belt is high, if the pul- 
ley widths were varied quickly, then the resulting shift 
would be too rapid. However, if the speed of the shift is 
controlled in inverse proportion to the running speed of 
the V belt, then a shift control appropriate for comforta- 
ble travelling is possible. Also, the larger the diameter 
difference between the belt-contact circles of the con- 
tact-circle enlarging pulley before and after the shift, 
faster the speed of the shift being required. However, if 
the speed of the shift is controlled proportionally to the 
diameter difference between the belt-contact circles, 
then a shift control appropriate for comfortable travelling 
is possible. Therefore, the shift control system accord- 
ing to the present invention sets the shifting additional 
thrust inversely proportional to the running speed of the 
V belt and proportional to the diameter difference be- 
tween the belt-contact circles and thereby realizes an 
optimal shift control. 

[0018] Preferably, a first gain coefficient that is in- 
versely proportional to the running speed of the V belt, 
which is determined by the belt-speed calculation 
means, is calculated from the rotational speed of the 
drive pulley and the current speed change ratio, and a 
second gain coefficient that is proportional to the differ- 
ence between the diameters of the belt-contact circles 
is calculated from the current speed change ratio and 
from the difference between the rotational speeds of the 
drive pulley at the current speed change ratio and after 
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the shift to the target speed change ratio. Then, the shift- 
ing additional thrust can be calculated on the basts of 
the first and second gain coefficients. As the calculation 
of the first and second gain coefficients Is relatively sim- 
ple and easy, the shifting additional thrust can be calcu- 
lated easily. 

[0019] Also, for varying the widths of the drive and 
driven pulleys and achieving a shift to a target speed 
change ratio, a shift control system may comprise con- 
tact-circle enlarging pulley determination means (for ex- 
ample, refer to Step S51 described in the following em- 
bodiment), which determines whether the drive pulley 
or the driven pulley is to be the contact-circle enlarging 
pulley whose diameter of the belt-contact circle is en- 
larged during the shift; slip prevention thrust calculation 
means (for example, refer to Step S1 described in the 
following embodiment), which calculates a slip preven- 
tion thrust necessary for transmitting the power through 
the V belt without slip between the V belt and the drive 
and driven pulleys; and additional thrust calculation 
means (for example, refer to Step S5 described in the 
following embodiment), which calculates a shifting ad- 
ditional thrust that is added for the contact-circle enlarg- 
ing pulley to shift the transmission to the target speed 
change ratio. In this case, for the shift, the axial thrust 
for the contact-circle contracting pulley is set to the slip 
prevention thrust, and the axial thrust for the contact- 
circle enlarging pulley is set to a thrust that is calculated 
by adding to the shifting additional thrust a product 
which is obtained by multiplying the slip prevention 
thrust by the ratio of the thrusts for the drive and driven 
pulleys, respectively, obtained in constant condition. 
[0020] Also, a shift control system may comprise con- 
tact-circle enlarging pulley determination means (for ex- 
ample, refer to Step S51 described in the following em- 
bodiment), which determines whether the drive pulley 
or the driven pulley is to be the contact-circle enlarging 
pulley whose diameter of the belt-contact circle is en- 
larged during a shift to a target speed change ratio; slip 
prevention thrust calculation means (for example, refer 
to Step S1 described in the following embodiment), 
which calculates a slip prevention thrust necessary for 
transmitting the power through the V belt without slip be- 
tween the V belt and the drive and driven pulleys; and 
additional thrust calculation means (for example, refer 
to Step S5 described in the following embodiment), 
which calculates a shifting additional thrust that is added 
for the contact-circle enlarging pulley to achieve the 
shift. In this shift control system, for the shift, the axial 
thrust for the contact-circle enlarging pulley may be set 
to the slip prevention thrust, and the axial thrust for the 
contact-circle contracting pulley may be set to a thrust 
that is calculated by multiplying the result obtained by 
subtracting the shifting additional thrust from the slip 
prevention thrust by the ratio of the thrusts for the drive 
and driven pulleys, respectively, obtained in constant 
condition. 

[0021 ] I n this way, the thrusts applied to the drive and 



driven pulleys in the shift control are always minimized 
with the smaller of these thrusts being the slip preven- 
tion thrust, and the magnitude of the larger thrust is de- 
termined with respect to the smaller thrust for achieving 
5 a desired shift. As a result, a relatively small energy is 
required to generate the thrusts applied to the drive and 
driven pulleys in the shift control, and fuel efficiency is 
improved. 

[0022] For a more specific shift control system ac- 
10 cording to the present invention, the following arrange- 
ment may be adopted. A shift control system according 
to the present invention controls the axial thrusts gen- 
erated by drive-side and driven-side actuators (for ex- 
ample, the drive-side and driven-side cylinder chambers 

15 6 and 9 described in the following embodiment), respec- 
tively, to vary the widths of the drive and driven pulleys 
for achieving a shift to a target speed change ratio. This 
shift control system comprises contact-circle enlarging 
pulley determination means (for example, refer to Step 

20 S51 described in the following embodiment), which de- 
termines whether the drive pulley or the driven pulley is 
to be the contact-circle enlarging pulley whose diameter 
of the belt-contact circle is enlarged by the adjustment 
of the width thereof during the shift; slip prevention 

25 thrust calculation means (for example, refer to Step S1 
described in the following embodiment), which calcu- 
lates a slip prevention thrust necessary for transmitting 
the power through the V belt without slip between the V 
belt and the drive and driven pulleys; speed ratio main- 

30 taining thrust calculation means (for example, refer to 
Step S2 described in the following embodiment), which 
calculates a speed ratio maintaining thrust that is added 
to the slip prevention thrust of either the drive pulley or 
the driven pulley, for maintaining the current speed 

35 change ratio in constant condition and for transmitting 
the power without any slip of the belt; additional thrust 
calculation means (for example, refer to Step S5 de- 
scribed in the following embodiment), which calculates 
a shifting additional thrust that is added for the contact- 

40 circle enlarging pulley to shift the transmission to the tar- 
get speed change ratio; basic shift control thrust calcu- 
lation means (for example, refer to Step S61 described 
in the following embodiment), which calculates basic 
shift control thrusts from the slip prevention thrust, the 

45 speed ratio maintaining thrust and the shifting additional 
thrust, the basic shift control thrusts being to be applied 
to the drive and driven pulleys for the shift to the target 
speed change ratio; and shift control thrust correction 
means (for example, refer to Step S63 and Step S65 

so described in the following embodiment), which executes 
a correction in which the basic shift control thrusts are 
reduced until the thrust for either the drive pulley or the 
driven pulley becomes equal to the slip prevention thrust 
with the thrust for the other pulley being equal to or 

55 greater than the slip prevention thrust. 

[0023] In this shift control system, the basic shift con- 
trol thrusts are calculated from the slip prevention 
thrusts, the speed ratio maintaining thrust and the shift- 
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ing additional thrust. If the basic shift control thrusts are 
applied for the shift control, then a shift to a target speed 
change ratio can be executed appropriately without any 
slip between the V belt and the pulleys. However, the 
basic shift control thrusts calculated in this way can be- 
come greater than the slip prevention thrusts for both 
the drive and driven pulleys. If such a case occurs, then, 
both the thrusts are reduced until either reaches the re- 
spective slip prevention thrust The thrusts reduced in 
this way can be used for the shift control to achieve the 
same result. As a result, the levels of the thrusts can be 
reduced as a whole. According to the present invention, 
this reduction correction is executed by the shift control 
thrust correction means, so that a relatively small energy 
is required to generate the thrusts applied to the drive 
and driven pulleys for the shift control. This improves 
fuel efficiency. 

[0024] As the basic shift control thrusts are calculated 
from the slip prevention thrusts, the speed ratio main- 
taining thrust and the shifting additional thrust, prefera- 
bly, the shift control system may be arranged to execute 
a correction in which the thrust that corresponds to the 
speed ratio maintaining thrust is subtracted from the ba- 
sic shift control thrusts or in which the thrust that corre- 
sponds to the shifting additional thrust is subtracted from 
the basic shift control thrusts. 
[0025] Further scope of applicability of the present i n- 
vention will become apparent from the detailed descrip- 
tion given hereinafter. However, it should be understood 
that the detailed description and specific examples, 
while indicating preferred embodiments of the invention, 
are given by way of illustration only, since various 
changes and modifications within the spirit and scope 
of the invention will become apparent to those skilled in 
the art from this detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] The present invention will become more fully 
understood from the detailed description given herein 
below and the accompanying drawings which are given 
by way of illustration only and thus are not limitative of 
the present invention and wherein: 

FIG. 1 is a schematic diagram illustrating the con- 
struction of a belt-type continuously variable trans- 
mission which incorporates a shift control system 
according to the present invention. 
FIG. 2 is a flowchart describing steps for setting a 
shift control signal, which steps are performed by 
the shift control system. 

FIG. 3 is a flowchart describing the calculation of a 
slip prevention thrust, which step is a part of the con- 
trol flow shown in FIG. 2. 

FIG. 4 is a flowchart describing the calculation of a 
speed ratio maintaining thrust, which step is a part 
of the control flow shown in FIG. 2. 
FIG. 5 is a graph describing relations among speed 



ratios, the reciprocals of safety ratios for the drive 
pulley, and ratios of balancing thrusts. 
FIGS. 6A and 6B are graphs describing examples, 
in which slip prevention thrusts for the drive and 
5 driven pulleys are added with a speed ratio main- 
taining thrust. 

FIG. 7 is a flowchart describing the calculation of a 
shifting additional thrust, which step is a part of the 
control flow shown in FIG. 2. 

10 FIG. 8 is a graph describing relations between belt 
peripheral speed and a first gain. 
FIG. 9 is a graph describing relations between di- 
ameter difference and a second gain. 
FIG. 10 is a graph describing relations among the 

15 rotational speed of the drive pulley, the speed 
change ratio, and the first gain. 
FIG. 11 is a graph describing relations among the 
rotational speed change of the drive pulley for the 
engine to achieve a target rotational speed, the 

20 speed ratio, and the second gain. 

FIG. 12 is a flowchart describing "thrust calculation 
2", which step is a part of the control flow shown in 
FIG. 2. 

FIGS.- 13A and 13B are graphs describing exam- 
25 pies, in which the slip prevention thrust for the drive 
and driven pulleys are added with a speed ratio 
maintaining thrust and a shifting additional thrust. 

DESCRIPTION OF THE PREFERRED 
30 EMBODIMENTS 

[0027] A preferred embodiment of the present inven- 
tion is described in reference to the drawings. FIG. 1 
shows the whole construction of a belt-type continuous- 

35 |y variable transmission 1 according to the present in- 
vention. This belt-type continuously variable transmis- 
sion (CVT) 1 comprises an input shaft 2, a countershaft 
3, a metal V-belt mechanism 4, and a planetary gear 
type forward-reverse switching mechanism 20, and a 

40 starting clutch 26. The input shaft 2 is connected through 
a damper mechanism CP to an engine ENG. and the 
countershaft 3 is disposed in parallel with the input shaft 
2. The metal V-belt mechanism 4 is disposed between 
and around these shafts 2 and 3. The planetary gear 

45 type forward-reverse switching mechanism 20 is dis- 
posed around the input shaft 2 while the starting clutch 
26 is disposed around the countershaft 3. 
[0028] The belt-type continuously variable transmis- 
sion 1 further comprises a hydraulic pump 30, a dutch 

so control valve 40 and a shift control valve 50. The hydrau- 
lic pump 30 supplies oil to oil passages 30a - 30e, and 
the clutch control valve 40 controls the flow of the oil to 
the starting clutch 26 for controlling the starting clutch 
26 while the shift control valve 50 controls the flow of 

55 the oil to the metal V-belt mechanism 4 for the shift con- 
trol of the transmission. 

[0029] The metal V-belt mechanism 4 comprises a 
drive pulley 5, a driven pulley 8 and a metal V belt 7. 
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The drive pulley 5 is disposed rotatabiy on the input shaft 

2 while the driven pulley 8 is fixed on the countershaft 

3 so that the driven pulley 8 rotates together with the 
countershaft 3 as a unit. The metal V belt 7 is disposed 
between and around these pulleys 5 and 8. 

[0030] The drive pulley 5 comprises a stationary pul- 
ley half 5A and a movable pulley half 5B. The stationary 
pulley half 5A is disposed rotatabiy on the input shaft 2, 
and the movable pulley half 5B is movable axially with 
respect to the stationary pulley half 5A. The drive pulley 
5 further comprises a drive-side cylinder chamber 6 t 
which is provided on one side of the movable pulley half 
5 B . The pressure of the oil supplied from the shift control 
valve 50 through the oil passage 30d into the drive-side 
cylinder chamber 6 generates a thrust in the axial direc- 
tion of the pulley (drive pulley axial thrust), and this 
thrust moves the movable pulley half 5B axially. 
[0031] The driven pulley 8 comprises a stationary pul- 
ley half 8A and a movable pulley half 8B. The stationary 
pulley half 8A is fixed on the countershaft 3, and the 
movable pulley half 8B is movable axially with respect 
to the stationary pulley half 8A. The driven pulley 8 fur- 
ther comprises a driven-side cylinder chamber 9, which 
is provided on one side of the movable pulley half 8B. 
The pressure of the oil supplied from the shift control 
valve 50 through the oil passage 30e into the driven- 
side cylinder chamber 9 generates a thrust in the axial 
direction of the pulley (driven pulley axial thrust), and 
this thrust moves the movable pulley half 8B axially. 
[0032] The hydraulic pressures (pulley thrust pres- 
sures) of the drive-side cylinder chamber 6 and the driv- 
en-side cylinder chamber 9 are controlled to adjust the 
thrusts, so that the widths of the drive and driven pulleys 
5 and 8 are adjusted without any slippage of the metal 
V belt 7 (referred to as "sJip prevention thrust"). While 
the widths of the pulleys are being varied in this way, the 
radii of the contact circles of the metal V belt 7 around 
the pulleys 5 and 8 are changed continuously. As a re- 
sult, the speed change ratio of the transmission is varied 
continuously without any step. 
[0033] The planetary gear type forward-reverse 
switching mechanism 20 comprises a forward drive 
clutch 24 and a double pinion type planetary gear mech- 
anism, which includes a sun gear 21 , a carrier 22 and a 
ring gear 23. The sun gear 21 is connected to the input 
shaft 2 of the transmission, and the carrier 22 is con- 
nected to the stationary pulley half 5A of the drive pulley 
5. The ring gear 23 is arranged to be fixed stationary by 
a rearward drive brake 25, and the forward drive dutch 
24 is arranged to couple the sun gear 21 with the ring 
gear 23. With this construction, when the forward drive 
clutch 24 is actuated for engagement, the carrier 22 and 
the ring gear 23 are held together to the sun gear 21 , 
which is connected to the input shaft 2 of the transmis- 
sion. As a result, they rotate together with the input shaft 
2 as one unit, so the drive pulley 5 rotates in the same 
direction as the input shaft 2 (in the forward drive direc- 
tion). On the other hand, when the rearward drive brake 



25 is actuated for engagement, the ring gear 23 is held 
stationary. As a result, the carrier 22 rotates in the di- 
rection opposite to that of the sun gear 21 (in the rear- 
ward drive direction). 
5 [0034] The starting clutch 26 is used to control the 
power transmission between the countershaft 3 and the 
output member (for example, gear 27a) of the transmis- 
sion. The engaging and disengaging actions of the start- 
ing clutch 26 are controlled to control the power trans- 

io mission, and the power is transmitted through gears 
27a, 27b, 28a and 28b to a differential mechanism 29 
and then divided therein to rotate right and left wheels 
(not shown). When the starting clutch 26 is released, the 
transmission is set in neutral. In this condition, no power 

'5 is transmitted. 

[0035] As mentioned above, the shift control valve 50 
is used to control the hydraulic pressures supplied to the 
drive-side cylinder chamber 6 and the driven-side cylin- 
der chamber 9, respectively, for achieving the shift of 

20 the transmission. Also, the clutch control valve 40 is 
used to control the hydraulic pressure supplied to the 
starting clutch 26 for starting the vehicle. The actuation 
of the clutch control valve 40 and the shift control valve 
50 themselves is controlled by a control unit 60, which 

25 sends control signals to these valves. 

[0036] The present invention relates to the shift con- 
trol of the transmission, so a detailed description is given 
of the actuation of the shift control valve 50 that is con- 
trolled by the control unit 60, i.e., the shift control of the 

30 transmission. The shift control valve 50 comprises two 
solenoid valves which control the hydraulic pressures 
supplied to the drive-side cylinder chamber 6 and the 
driven-side cylinder chamber 9, respectively. The con- 
trol unit 60 sends signals to these two solenoid valves 

35 and controls the actuation of the solenoid valves, there- 
by achieving the shift control of the transmission (these 
signals are hereinafter referred to as "shift control sig- 
nals"). In response to the control signals, the solenoid 
valves adjust the hydraulic pressures of the drive-side 

40 cylinder chamber 6 and the driven-side cylinder cham- 
ber 9, respectively, these pressures producing the 
above mentioned drive and driven pulley axial thrusts in 
the drive pulley 5 and the driven pulley 8, respectively. 
For controlling the shift of the transmission, the control 

45 unit 60 receives signals that indicate the rotational 
speed Ne of the engine, the degree of the throttle open- 
ing TH, the speed of the vehicle V, the rotational speed 
of the drive pulley NDR, and the rotational speed of the 
driven pulley NDN, respectively, these signals repre- 

50 serrting the condition of the transmission. 

[0037] The shift control signals are determined in cor- 
respondence to the drive and driven axial thrusts FDR 
and FDN required for achieving a shift Each thrust FDR 
or FDN is calculated from a slip prevention thrust F1 DR 

55 or F1 DN, which is necessary for the drive pulley 5 orthe 
driven pulley 8 to transmit the power without slip of the 
metal V belt 7, a speed ratio maintaining thrust F2DR or 
F2DN, which is necessary for the present speed ratio 
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Rp to be maintained, and a shifting additional thrust Fa, 
which is necessary for the present speed ratio Rp to be 
shifted to a target speed ratio Rt at an optimal rate. 
[0038] Now, a description is made in reference to FIG. 
2, which is a flowchart describing steps for calculating s 
an axial thrust and setting a shift control signal. As de- 
scribed in this control flow, slip prevention thrusts F1 DR 
and F1DN are calculated at Step S1, and speed ratio 
maintaining thrusts F2DR and F2DN are calculated at 
Step S2. Then, a determination is made whether there to 
is a request for a shift at Step S3. If there is no such 
request, and the transmission is in constant condition, 
then the control flow proceeds to Step S4, where a thrust 
calculation 1 is executed to calculate, from the slip pre- 
vention thrusts F1DR and F1DN and the speed ratio « 
maintaining thrusts F2DR and F2DN, the drive and driv- 
en axial thrusts FDR and FDN necessary for maintaining 
the current constant operation. 
[0039] On the other hand, if there is a request for a 
shift, then the control flow proceeds to Step S5, where 20 
a calculation is made to determine a shifting additional 
thrust Fa which is necessary for the transmission to re- 
spond to the request. Then, at Step SB, from the slip 
prevention thrusts F1DR and F1DN, the speed ratio 
maintaining thrusts F2DR and F2DN, and the shifting 25 
additional thrust Fa, a thrust calculation 2 is executed 
to calculate the axial thrusts FDR and FDN which are 
necessary for realizing the requested shift. 
[0040] After the drive and driven axial thrusts FDR 
and FDN are calculated either in the thrust calculation 30 
1 (at Step S4) or in the thrust calculation 2 (at Step S6) 
as described above, the control flow proceeds to Step 
S7, where a shift control signal to be sent to the shift 
control valve 50 is determined for adjusting the hydraulic 
pressures of the drive and driven-side cylinder cham- 35 
bers 6 and 9 so as to achieve the drive and driven axial 
thrusts FDR and FDN. This shift control signal is then 
used to control the operation of the shift control valve 
50 in the shift control of the transmission. 
[0041] At first, the calculation of the slip prevention 40 
thrusts, which is executed at Step S1, is described in 
detail in reference to FIG. 3. At Step S11 , the rotational 
speed Ne of the engine, the degree of the throttle open- 
ing TM, the rotational speed of the drive pulley N DR, the 
rotational speed of the driven pulley NDN, and the cur- 45 
rent speed change ratio Rp of the transmission are de- 
tected and read in. Then, the torque Tin input from the 
engine to the transmission through the input shaft 2 is 
calculated from these detected values, and the torque 
. transmitted to the drive pulley 5 and to the driven pulley so 
8 is calculated for the speed change ratio Rp at Step 
S12. Based on this calculation, the slip prevention 
thrusts F1DR and F1DN, which are necessary for the 
drive and driven pulleys 5 and 8, respectively, to be ro- 
tated without any slip % are then calculated at Step S13. 5 $ 
[0042]. Now, the calculation of the speed ratio main- 
taining thrusts, which is executed at Step S2, is de- 
scribed in detail in reference to FIG. 4. Speed ratio main- 



taining thrust is a thrust that should be applied to main- 
tain the current speed change ratio Rp while the trans- 
mission is in constant condition, either to the drive pulley 
5 or to the driven pulley 8, which pulleys are under the 
slip prevention thrusts F1DR and F1DN and are trans- 
mitting the power without any slip. The steps for the cal- 
culation is detailed in FIG. 4. Here, for example, the slip 
prevention thrust F1DR is set to provide a transmitted 
torque capacity Tt (= Ta + T1) which is the sum of the 
real transmitted torque Ta and a predetermined extra 
torque T1, and a balance thrust ratio TR is predeter- 
mined as shown in FIG. 5 against the reciprocal (1/SF) 
of the ratio of the transmitted torque capacity Tt to the 
real transmitted torque Ta, i.e., a safety factor SF (= TV 
Ta), and the speed change ratio Rp. 
[0043] In FIG. 5, a line labeled with T = 0" indicates 
that the transmitted torque is zero. Transmitted torques 
represented in the region above this line in the graph 
are positive while those in the region below this line are 
negative. A positive value means that a driving torque 
is transmitted from the engine to the output side of the 
transmission while a negative value means that a driving 
torque is transmitted from the output side of the trans- 
mission to the engine, i.e., an engine brake is effected. 
The number given to each line in the graph is the recip- 
rocal (1/SF) of a safety factor SF 
[0044] The above mentioned balance thrust ratio TR 
is the ratio of an axial thrust applied to the drive pulley 
5 to a corresponding axial thrust applied to the driven 
pulley 8, which thrusts are for maintaining a predeter- 
mined speed change ratio in a constant operation. In 
FIG. 5, for example, if a balance thrust ratio TR is taken 
at the current speed change ratio against the line rep- 
resenting the reciprocal (1/SF) of the current safety fac- 
tor for the drive pulley 5, then this balance thrust ratio 
TR is the ratio of the axial thrust of the drive pulley 5 to 
that of the driven pulley 8 which thrusts are necessary 
for maintaining the current speed change ratio Rp in the 
present transmitted torque condition. 
[0045] At Step S21 in the calculation flow shown in 
FIG. 4, the balance thrust ratio TR is calculated as de- 
scribed above, and at Step S22, the thrusts necessary 
for achieving the balance thrust ratio TR are calculated. 
In this calculation, eithertheslip prevention thrust F1 DR 
or the slip prevention thrust F1 DN, each of which is cal- 
culated at Step S1 , is added with a thrust to achieve the 
balance thrust ratio TR. In other words, the slip preven- 
tion thrust F1DR of the drive pulley 5 is added with a 
speed ratio maintaining thrust F2DR as shown in FIG. 
6B, or the slip prevention thrust F1DN is added with a 
speed ratio maintaining thrust F2DN as shown in FIG. 
6A. In this way, at Step S22, the speed ratio maintaining 
thrust is determined so as to achieve the balance thrust 
ratio TR, which is determined as described above. 
[0046] Thus, the slip prevention thrusts F1DR and 
F1 DN are added with the speed ratio maintaining thrust 
F2DR or F2DN, so that the drive and driven axial thrusts 
will achieve the balance thrust ratio as shown in FIG. 6A 
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or FIG. 6B. If these axial thrusts are realized for the drive 
pulley 5 and the driven pulley 8, respectively, the power 
is transmitted without any slip while the current speed 
change ratio is maintained in constant condition. It is 
clear from this that, in the thrust calculation 1 , which is s 
executed at Step S4 in the control flow shown in FIG. 2, 
the drive and driven axial thrusts FDR and FDN are cal- 
culated by adding the speed ratio maintaining thrust 
F2DR or F2DN to the slip prevention thrusts F1 DR and 
F1 DN to achieve the balance thrust ratio TR, which is io 
calculated at Step S21 . 

[0047] Now, the shifting additional thrust calculation 
executed at Step S5 is described. This step is detailed 
in FIG. 7. At first, a determination is made at Step S51 
whether the type of the requested shift is an upshift or is 
a downshift and which pulley should acquire an in- 
creased diameter for its belt-contact arc. The shift re- 
quest is determined from the target engine rotational 
speed, which corresponds to how much the accelerator 
pedal is pressed down by the driver, i.e., the degree of 20 
the throttle opening. For example, when the accelerator 
pedal is pressed down, the target rotational speed of the 
engine is increased in response, and a shift is executed 
to bring the real rotational speed of the engine to the 
target rotational speed. In the shift control, at first, the 25 
request for a shift is determined whether it is an upshift 
or a downshift at Step S51 . At the same time, a deter- 
mination is made whether the drive pulley 5 or the driven 
pulley 8 is the pulley whose diameter of the belt-contact 
arc to be increased in this shift operation (hereinafter 30 
referred to as "contact-circle enlarging pulley"). 
[0048] Then, the running speed of the metal V belt 7, 
i.e., the peripheral speed of the belt W, is calculated 
from the rotational speed of the drive pulley NDR, the 
rotational speed of the driven pulley NDN and the speed 35 
change ratio Rp at Step S52, and a first gain G1 which 
corresponds to the peripheral speed Vv is determined 
from a graph shown in FIG. 8 at Step S53. Values for 
the first gain G1 are arranged in inverse proportion to 
those of the peripheral speed Vv for each type of shifts, 40 
i.e., upshifts and downshifts. 

[0049] The peripheral speed of the belt W is a value 
that ts determined in a relation only between the rota- 
tional speed of the drive pulley NDR and the speed 
change ratio Rp. Therefore, for example, as shown in 45 
FIG. 10, the values of the first gain G1 are predeter- 
mined against the values of the rotational speed of the 
drive pulley NDR and the speed change ratio Rp, so the 
first gain G1 for the current condition can be determined 
from the relations shown in the graph of FIG. 1 0. If the 50 
first gain G1 is determined in this way, then the calcula- 
tion of the peripheral speed of the belt Vv, which is ex- 
ecuted at Step S52, is not necessary, so there is an ad- 
vantage of simplifying the control. As described above, 
the first gain G1 Is set in correspondence to the type-of 55 
the shift. The relations shown in FIG. 1 0 are for upshifts, 
and FIG. 10 shows, as examples, the relations only for 
a minimum speed change ratio TOP, an intermediate 



speed change ratio MID and a maximum speed change 
ratio LOW, though many additional lines which repre- 
sent respective speed change ratios Rp can be drawn. 
[0050] Now, a calculation is made at Step S54 for a 
diameter change or diameter difference Dd which oc- 
curs in the contact-circle enlarging pulley while the cur- 
rent speed change ratio is being brought to the target 
speed change ratio. In other words, this calculation is 
for how much the diameter of the belt-contact circle of 
the enlarging pulley will grow from the current diameter 
while the transmission is being brought into the target 
speed change ratio. Then, the diameter difference Dd, 
which is obtained at Step S54, is plotted in a graph as 
shown in FIG. 9 to determine a second gain G2 at Step 
S55. The second gain G2 is proportional to the diameter 
difference Dd for each type of shifts (upshift or down- 
shift). 

[0051] By the way, the diameter difference Dd is de- 
terminable from only the speed change ratio Rp and the 
difference NDRERR between the rotational speed of the 
drive pulley at the current engine rotational speed and 
the rotational speed of the drive pulley at the target en- 
gine rotational speed. Therefore, for example, as shown 
in FIG. 1 1 , the values of the second gain G2 are prede- 
termined in relation to the difference NDRERR of the 
rotational speeds of the drive pulley and to the speed 
change ratio Rp, and the second gain G2 for the current 
condition is determined from this predetermined rela- 
tion. If the control is executed in this way, then it is not 
necessary to calculate the diameter difference Dd at 
Step S54, so the control can be simplified. As mentioned 
above, the second gain G2 is also determined in corre- 
spondence to the type of the shift. The relations shown 
in FIG. 11 are also for upshifts, and FIG. 11 shows, as 
examples, the relations only for a minimum speed 
change ratio TOP, an intermediate speed change ratio 
MID and a maximum speed change ratio LOW, though 
many additional lines which represent respective speed 
change ratios Rp can be drawn. 
[0052] After determining the first gain G1 and the sec- 
ond gain G2, the control flow proceeds to Step S56, 
where a basic thrust Fb is multiplied by the first and sec- 
ond gains G1 and G2 to produce a shifting additional 
thrust Fa. The basic thrust Fb is a thrust value which is 
predetermined experimentally, for example, as 200 kgw. 
[0053] Now, the thrust calculation 2 executed at Step 
S6 shown in FIG. 2 is detailed in reference to FIG. 12. 
In this calculation, at Step S61, the slip prevention 
thrusts F1 DR and F1 DN for the drive and driven pulleys 
are added with the speed ratio maintaining thrust F2DR 
or F2DN, and the thrust value for the contact-circle en- 
larging pulley is then added with the shifting additional 
thrust Fa, thus calculating basic shift control thrusts 
FDR* and FDN* for the drive pulley and the driven pulley. 
[0054] This calculation results in the following two 
cases. A first case is that one of the basic shift control 
thrusts FDR' and FDN' equals the slip prevention thrust 
F1DR or F1DN. For example, the basic shift control 
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thrust for the drive pulley equals the slip prevention 
thrust F1DR as shown in FIG. 13A. The other case is 
that both the basic shift control thrusts FDR' and FDN' 
are greater than the slip prevention thrusts as shown in 
FIG. 13B. In either case, the basic shift control thrusts 5 
FDR' and FDN' can be applied respectively to the drive 
pulley 5 and to the driven pulley 8 to achieve the request- 
ed shift. 

[0055] However, in the case described in FIG. 13B, 
the basic shift control thrusts for both the pulleys are 10 
greater than the slip prevention thrusts. This means that 
the thrusts are applied wastef ully. As long as the differ- 
ence between the thrusts to be applied to both the pul- 
leys is secured, these thrusts can be reduced until one 
of the thrusts reaches the respective slip prevention '5 
thrust. Yet, the requested shift can be achieved without 
any slip and without applying the thrusts in wasteful 
amounts. In this way, an efficient shift control can be re- 
alized according to the present invention. 
[0056] Therefore, at Step S62 in this control flow, a 20 
determination is made whether or not either of the basic 
shift control thrusts FDR' and FDN' equals the respec- 
tive slip prevention thrust If it is so, i.e., the case is like 
that shown in FIG. 13A, then the basic shift control 
thrusts FDR' and FDN' are set, without any change, as 25 
the drive and driven axial thrusts FDR and FDN for the 
drive and driven pulleys, respectively. 
[0057] On the other hand, if both the basic shift control 
thrusts are greater than the respective slip prevention 
thrusts, i.e., the case is like that shown in FIG. 1 3B, then 30 
the control flow proceeds to Step S63. At first, the speed 
ratio maintaining thrust is subtracted from the basic shift 
control thrusts for the drive and driven pulleys. For ex- 
ample, in the case shown in FIG. 1 3B, because there is 
a speed ratio maintaining thrust F2DN for the driven pul- 35 
ley, at first, this speed ratio maintaining thrust is sub- 
tracted from the basic shift control thrust FDN' (= F1 DN 
+ F2DN) to reduce the thrust of the driven pulley to the 
slip prevention thrust F1DN. At the same time, the 
amount which corresponds to the speed ratio maintain- 40 
ing thrust F2DN, i.e., not the same amount as the speed 
ratio maintaining thrust F2DN, is subtracted from the ba- 
sic shift control thrust FDR* of the drive pulley. In this 
case, the amount to be subtracted for the drive pulley is 
calculated against the speed ratio maintaining thrust 45 
F2DN in correspondence to a thrust ratio (a/b) taken for 
the drive and driven pulleys in constant condition, and 
the result of this calculation is subtracted (FDR* — F2DN 
x a/b). 

[0058] Then , a determination is made whether or not 50 
either the axial thrust for the drive pulley or the axial 
thrust for the driven pulley is smaller than the respective 
slip prevention thrust at Step S64. The above calculation 
should make the thrust for the one of the pulleys for 
which the speed ratio maintaining thrust is set, to the ss 
level of the slip prevention thrust However, if the thrust 
for the other pulley becomes smaller than the slip pre- 
vention thrust, then a slip may occur between the belt 



and this pulley. Therefore, to prevent slip from occurring, 
a determination is made whether the thrust for the other 
pulley is smaller than the respective slip prevention 
thrust. Inthis determination, if the axial thrust for the oth- 
er pulley is greater than the slip prevention thrust, then 
the control flow proceeds to Step S66, where the results 
of the calculations are set as the drive and driven axial 
thrusts FDR and FDN. 

[0059] On the other hand, if the result of the above 
determination is that the axial thrust for the other pulley 
is smaller than or equal to the slip prevention thrust, then 
the control flow proceeds to Step S65, where the 
amount which corresponds to the shifting additional 
thrust Fa is subtracted from the basic shift control thrusts 
FDR' and FDN' for the drive and driven pulleys, respec- 
tively, which are calculated at Step S61. The results of 
the calculations are set as the drive and driven axial 
thrusts FDR and FDN at Step S67. For example, in the 
case shown in FIG. 13B, the thrust for the drive pulley 
includes a shifting additional thrust Fa. Therefore, this 
shifting additional thrust Fa is subtracted from the basic 
shift control thrust FDR' (= F1 DR + Fa) for the drive pul- 
ley to reduce the thrust for the drive pulley to the slip 
prevention thrust F1DR. At the same time, the amount 
which corresponds to the shifting additional thrust Fa is 
subtracted from the basic shift control thrust FDN' for 
the driven pulley. Also, in this case, the amount to be 
subtracted for the driven pulley is calculated against the 
shifting additional thrust Fa in correspondence to a 
thrust ratio (b/a) taken for the driven and drive pulleys 
in constant condition, and the result of this calculation 
is subtracted (FDN' — Faxb/a). In this way, at least one 
of the axial thrusts FDR and FDN is reduced to the slip 
prevention thrust F1 DR or F1DN, respectively, with the 
other thrust being a little greater. As the present inven- 
tion provides this adjustment or reduction of the thrusts 
to be applied to the pulleys, a transmission equipped 
with a shift control system according to the present in- 
vention can be appropriately and advantageously incor- 
porated into a vehicle. 

[0060] After the axial thrusts FDR and FDN for the 
drive and driven pulleys are calculated as described 
above, the control flow proceeds to Step S7 shown in 
FIG. 2, where shift control signals are determined forthe 
shift control valve 50 to generate these axial thrusts in 
the respective pulleys. Then, the shift control signals are 
sent from the control unit 60 to the shift control valve 50 
for controlling the operation of the shift control valve 50 
and thereby achieving the desired shift. 
[0061] In the above embodiment, shift control is exe- 
cuted to achieve a target speed change ratio. However, 
the present invention is not limited to this way of shift 
control. A target engine rotational speed or a target drive 
pulley rotational speed can be used, instead, and the 
shift of the transmission is controlled to achieve the re- 
spective target value. 

[0062] As described above, a shift control system ac- 
cording to the present invention comprises slip preven- 
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tion thrust calculation means, speed ratio maintaining 
thrust calculation means and additional thrust calcula- 
tion means. The slip prevention thrust calculation 
means calculates slip prevention thrusts necessary for 
the drive and driven pulleys to transmit the power with- 5 
out slip of the V belt, and the speed ratio maintaining 
thrust calculation means calculates a speed ratio main- 
taining thrust which is necessary, in addition to the slip 
prevention thrusts, for maintaining the current speed 
change ratio in constant condition and for transmitting 10 
the power without any slip of the belt. The additional 
thrust calculation means calculates a shifting additional 
thrust which is necessary for achieving a target speed 
change ratio and to be applied to the pulley whose bert- 
contact circle should be enlarged. The values of the 
shifting additional thrust are predetermined in proportion 
to the magnitude of the diameter difference between the 
belt-contact circles and in inverse proportion to the 
speed of the V belt, which is determined by belt-speed 
calculation means. 20 
[0063] While the speed of the V belt is high, if the pul- 
ley widths were adjusted quickly, then the resulting shift 
would be too rapid. By adjusting the speed of the shift 
in inverse proportion to the speed of the V belt, the shift 
control system according to the present invention pro- 25 
vides a shift control appropriate for comfort. Also, the 
larger the diameter difference between the belt -contact 
circles of the pulleys before and after a shift, faster the 
speed of the shift being required. Therefore, according 
to the present invention, the speed of the shift is con- 30 
trolled proportionally to the magnitude of the diameter 
difference between the belt-contact circles to achieve 
an appropriate shift control. 

[0064] Furthermore, a first gain that is inversely pro- 
portional to the speed of the V belt, which is determined 35 
by the belt-speed calculation means, is calculated from 
the rotational speed of the drive pulley and the speed 
change ratio at present. Also, a second gain that is pro- 
portional to the magnitude of the diameter difference be- 
tween the belt-contact circles is calculated from the dif- 40 
f erence between the rotational speed of the drive pulley 
at the present speed change ratio and the rotational 
speed of the drive pulley at the target speed change ratio 
and from the present speed change ratio. These first 
and second gains are preferably used as coefficients for 45 
calculating the shifting additional thrust In this way, not 
only the first and second gains but also the shifting ad- 
ditional thrust are calculated relatively simply. 
[0065] According to the present invention, the basic 
shift control thrusts are calculated from the slip preven- so 
tion thrusts, the speed ratio maintaining thrust and the 
shifting additional thrust. These basic shift control 
thrusts can be applied in the shift control to shift the 
transmission into a target speed change ratio without 
any slip between the V belt and the pulleys. However, ss 
both the basic shift control thrusts calculated in this way 
can become greater than the slip prevention thrusts for 
the drive and driven pulleys. If such a case occurs, then 



both the basic shift control thrusts are reduced until ei- 
ther reaches the respective slip prevention thrust. The 
thrusts reduced in this way can be used in the shift con- 
trol to achieve the same result, so the levels of the 
thrusts can be reduced as a whole. According to the 
present invention, this reduction correction is executed 
by the shift control thrust correction means. As a result, 
a relatively small energy is required to generate the 
thrusts applied to the drive and driven pulleys in the shift 
control, so fuel efficiency is improved. 
[0066] As the basic shift control thrusts are calculated 
from the slip prevention thrusts, the speed ratio main- 
taining thrust and the shifting additional thrust, prefera- 
bly, the shift control system may be arranged to subtract 
the thrust which corresponds to the speed ratio main- 
taining thrust from the basic shift control thrusts or to 
subtract the thrust which corresponds to the shifting ad- 
ditional thrust from the basic shift control thrusts. 
[0067] The invention being thus described, it will be 
obvious that the same may be varied in many ways. 
Such variations are not to be regarded as a departure 
from the spirit and scope of the invention, and all such 
modifications as would be obvious to one skilled in the 
art are intended to be included within the scope of the 
following claims. 

RELATED APPLICATIONS 

[0068] This application claims the priorities of Japa- 
nese Patent Application No.2000 - 223684 filed on July 
25, 2000, and No.2000 - 222453 filed on July 24, 2000, 
which are incorporated herein by reference. 
[0069] A shift control system comprises belt-speed 
calculation means, contact-circle enlarging pulley deter- 
mination means, diameter-change calculation means, 
slip prevention thrust calculation means, speed ratio 
maintaining thrust calculation means and additional 
thrust calculation means. The diameter-change calcu- 
lation means calculates the difference between the di- 
ameters of the contact circles at present and after a shift 
to a target speed change ratio, and the slip prevention 
thrust calculation means calculates a slip prevention 
thrust necessary for transmitting the power through a V 
belt without slip between the V belt and the drive and 
driven pulleys. The speed ratio maintaining thrust cal- 
culation means calculates a speed ratio maintaining 
thrust that is an addition to the slip prevention thrust for 
maintaining the current speed change ratio in constant 
condition and for transmitting the power without any slip 
of the belt, and the additional thrust calculation means 
calculates a shifting additional thrust that is added for 
the contact-circle enlarging pulley to achieve a shift to 
the target speed change ratio. The shifting additional 
thrust is inversely proportional to the running speed of 
the V belt, which is determined by the belt-speed calcu- 
lation means, but is proportional to the difference be- 
tween the diameters of the contact circles. 
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Claims 

1. A shift control system for a belt-type continuously 
variable transmission which comprises a variable 
width drive pulley, a variable width driven pulley, a 5 
V belt, a drive-side actuator and a driven-side actu- 
ator, said V belt being disposed around said drive 
and driven pulleys, said drive-side actuator gener- 
ating an axial thrust to said drive pulley, and said 
driven-side actuator generating an axial thrust to 10 
said driven pulley, wherein said shift control system 
controls the drive axial thrust generated by said 
drive-side actuator and the driven axial thrust gen- 
erated by said driven-side actuator to vary the 
widths of said drive and driven pulleys for achieving 15 
a shift to a target speed change ratio; said shift con- 
trol system comprising: 

contact-circle enlarging pulley determination 
means for determining which pulley, i.e., said 20 
drive pulley or said driven pulley, is to be a con- 
tact-circle enlarging pulley whose diameter of 
a contact circle around which said V belt is dis- 
posed is enlarged when the widths are varied 
in shift control; and 25 
additional thrust calculation means for calculat- 
ing a shifting additional thrust which is added 
to the axial thrust for said contact -circle enlarg- 
ing pulley to achieve said shift to said target 
speed change ratio. 30 

2. The shift control system as set forth in claim 1 , 
wherein said shifting additional thrust is inversely 
proportional to running speed of said V belt. 

35 

3. The shift control system as set forth in claim 1 , 
wherein said shifting additional thrust is proportion- 
al to difference between the diameter of the contact 
circle of said contact-circle enlarging pulley at 
present and the diameter of the contact circle of said 40 
contact-circle enlarging pulley after said shift to said 
target speed change ratio. 

4. The shift control system as set forth in claim 3, fur- 
ther comprising: 45 

diameter-change calculation means for calcu- 
lating said difference between the diameter of 
the contact circle of said contact-circle enlarg- 
ing pulley at present and the diameter of the so 
contact circle of said contact-circle enlarging 
pulley after said shift to said target speed 
change ratio; and 

second gain coefficient calculation means for 
calculating a second gain coefficient, which is ss 
proportional to said difference between the di- 
ameters of the contact circles; 



wherein: 

said additional thrust calculation means uses 
said second gain coefficient for calculating said 
shifting additional thrust. 

5. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

belt-speed calculation means for calculating 
the running speed of said V belt; and 
first gain coefficient calculation means for cal- 
culating a first gain coefficient, which is inverse- 
ly proportional to the running speed of said V 
belt; 

wherein: 

said additional thrust calculation means uses 
said first gain coefficient for calculating said 
shifting additional thrust. 

6. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

belt-speed calculation means for calculating 
the running speed of said V belt; and 
first gain coefficient calculation means for cal- 
culating a first gain coefficient from a rotational 
speed of said drive pulley and a current speed 
change ratio, said first gain coefficient being in- 
versely proportional to the running speed of 
said V belt; 

wherein: 

said additional thrust calculation means uses 
said first gain coefficient for calculating said 
shifting additional thrust. 

7. The shift control system as set forth in claim 6, 
wherein said shifting additional thrust is proportion- 
al to the difference between the diameter of the con- 
tact circle of said contact-circle enlarging pulley at 
present and the diameter of the contact ci rcle of said 
contact-circle enlarging pulley after said shift to said 
target speed change ratio. 

8. The shift control system as set forth in claim 7, fur- 
ther comprising: 

diameter-change calculation means for calcu- 
lating said difference between the diameter of 
the contact circle of said contact-circle enlarg- 
ing pulley at present and the diameter of the 
contact circle of said contact-circle enlarging 
pulley after said shift to said target speed 
change ratio; and 
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second gain coefficient calculation means for 
calculating a second gain coefficient, which is 
proportional to said difference between the di- 
ameters of the contact circles; 

5 

wherein: 

said additional thrust calculation means uses 
said second gain coefficient for calculating said 
shifting additional thrust. 10 



said shift to said target speed change. 

12. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

slip prevention thrust calculation means for cal- 
culating a slip prevention thrust necessary for 
transmitting power through said V belt without 
slip between said V belt and said drive and driv- 
en pulleys; 



9. The shift control system as set forth in claim 8, 
wherein: 

said difference between the diameter of the w 
contact circle of said contact-circle enlarging 
pulley at present and the diameter of the con- 
tact circle of said contact-circle enlarging pulley 
after said shift to said target speed change ratio 
is calculated on a basis of the current speed 20 
change ratio and difference between the rota- 
tional speed of said drive pulley at the current 
speed change ratio and the rotational speed of 
said drive pulley at said target speed change 
ratio. 25 

10. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

belt-speed calculation means for calculating & 
the running speed of said V belt; 
diameter-change calculation means for calcu- 
lating the difference between the diameter of 
the contact circle of said contact-circle enlarg- 
ing pulley at present and the diameter of the 35 
contact circle of said contact-circle enlarging 
pulley after said shift to said target speed 
change ratio; 

slip prevention thrust calculation means for cal- 
culating a slip prevention thrust necessary for *o 
transmitting power through said V belt without 
slip between said V belt and said drive and driv- 
en pulleys; and 

speed ratio maintaining thrust calculation 
means for calculating a speed ratio maintaining 45 
thrust which is necessary, in addition to said slip 
prevention thrust, for maintaining the current 
speed change ratio in constant condition and 
for transmitting the power without any slip of 
said belt. so 

11. The shift control system as set forth in claim 10, 
wherein said shifting additional thrust is set inverse- 
ly proportional to the running speed of said V belt, 
which is determined by said belt-speed calculation 55 
means, and set proportional to said difference be- 
tween the diameters of the contact circles of said 
contact-circle enlarging pulley at present and after 



wherein: 

for said shift, the axial thrust for a contact-circle 
contracting pulley is set to said slip prevention 
thrust; and 

the axial thrust for said contact-circle enlarging 
pulley is set to a thrustthat is calculated by add- 
ing to said shifting additional thrust a product 
which is obtained by multiplying said slip pre- 
vention thrust by a ratio of thrusts for said drive 
and driven pulleys, respectively, obtained in 
constant condition. 

13. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

slip prevention thrust calculation means for cal- 
culating a slip prevention thrust necessary for 
transmitting power through said V belt without 
slip between said V belt and said drive and driv- 
en pulleys; 

wherein: 

for said shift, the axial thrust for said contact- 
circle enlarging pulley is set to said slip preven- 
tion thrust; and 

the axial thrust for a contact-circle contracting 
pulley is set to a thrust that is calculated by mul- 
tiplying a result obtained by subtracting said 
shifting additional thrust from said slip preven- 
tion thrust by a ratio of thrusts for said drive and 
driven pulleys, respectively, obtained in con- 
stant condition. 

14. The shift control system as set forth in claim 1 , fur- 
ther comprising: 

slip prevention thrust calculation means for cal- 
culating a slip prevention thrust necessary for 
transmitting power through said V belt without 
slip between said V belt and said drive and driv- 
en pulleys; 

speed ratio maintaining thrust calculation 
means for calculating a speed ratio maintaining 
thrust, which is added to said slip prevention 
thrust of either said drive pulley or said driven 
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pulley, for maintaining the current speed 
change ratio in constant condition and for trans- 
mitting the power through said V belt without 
any slip of said belt; 

basic shift control thrust calculation means for s 
calculating basic shift control thrusts which are 
to be applied to said drive and driven pulleys 
for said shift to said target speed change ratio, 
on a basis of said slip prevention thrust, said 
speed ratio maintaining thrust and said shifting 10 
additional thrust; and 

shift control thrust correction means for execut- 
ing a correction in which said basic shift control 
thrusts are reduced until the thrust for either 
said drive pulley or said driven pulley becomes 15 
equal to said slip prevention thrust with the 
thrust for the other pulley being equal to or 
greater than said slip prevention thrust. 

20 
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Fig. 2 
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Fig. 3 
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Fig. 8 
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Fig. 12 
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ABSTRACT: 

CHG DATE=20020302 STATUS=0> A shift control system comprises belt-speed 
calculation means, contact-circle enlarging pulley determination means, 
diameter-change calculation means, slip prevention thrust calculation means, 
speed ratio maintaining thrust calculation means and additional thrust 
calculation means. The diameter-change calculation means calculates the 
difference between the diameters of the contact circles at present and after a 
shift to a target speed change ratio, and the slip prevention thrust 
calculation means calculates a slip prevention thrust necessary for 
transmitting the power through a V belt without slip between the V belt and the 
drive and driven pulleys. The speed ratio maintaining thrust calculation means 
calculates a speed ratio maintaining thrust that is an addition to the slip 
prevention thrust for maintaining the current speed change ratio in constant 
condition and for transmitting the power without any slip of the belt, and the 
additional thrust calculation means calculates a shifting additional thrust 
that is added for the contact-circle enlarging pulley to achieve a shift to the 
target speed change ratio. The shifting additional thrust is inversely 
proportional to the running speed of the V belt, which is determined by the 
belt-speed calculation means, but is proportional to the difference between the 
diameters of the contact circles. <IMAGE> 



Abstract Text -FPAR(1): 
CHG DATE=20020302 STATUS=0> A shift control system comprises belt-speed 
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calculation means, contact-circle enlarging pulley determination means, 
diameter-change calculation means, slip prevention thrust calculation means, 
speed ratio maintaining thrust calculation means and additional thrust 
calculation means. The diameter-change calculation means calculates the 
difference between the diameters of the contact circles at present and after a 
shift to a target speed change ratio, and the slip prevention thrust 
calculation means calculates a slip prevention thrust necessary for 
transmitting the power through a V belt without slip between the V belt and the 
drive and driven pulleys. The speed ratio maintaining thrust calculation means 
calculates a speed ratio maintaining thrust that is an addition to the slip 
prevention thrust for maintaining the current speed change ratio in constant 
condition and for transmitting the power without any slip of the belt, and the 
additional thrust calculation means calculates a shifting additional thrust 
that is added for the contact-circle enlarging pulley to achieve a shift to the 
target speed change ratio. The shifting additional thrust is inversely 
proportional to the running speed of the V belt, which is determined by the 
belt-speed calculation means, but is proportional to the difference between the 
diameters of the contact circles. <IMAGE> 

Title of Patent Publication - TTL (1 ): 
Shift control system for belt-type continuously variable transmission 
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